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(AMAKYM.IDACKAK) RASKI) 
ON MOKIMIOl.OCY AND 
MOI.KClll,AI{ CHAKAC'l’KRS' 


\l<in Hy Meerowr (^li(tries L. 
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Ansi’u ACT 



f^rn<‘nc 


Mini Is nl ll\nu*UiH'(illis 


lui\r Immmi \arinusl\ proposed Mn (h((<Mrnl laxonomic workers, olleii willioul 
ihseussioM or data. I lie ^eiM*ra lA^phn liifon. lsniRn(\ hlisrua. and l^s(*u(l<>sh*niun(*ss(>n lia\e Meeii iin luded vniIIi 
(R'dilis, lumped lo^ellier as llie gmms Isnirnc, or mainlained as dislinel genera. Keeiml elailislie ariaivsis of plaslid and 
iirl)N\ lor ‘\mar\ II idae<‘ae support a distiiK*! triMe I In meiioeallideat'. (Jadislie anaK^es ol inorphologN. and plastid 
(trn\~y region) au<l uuelear riMosomal l)l\A (IIS) are prt‘S(*Mted alone and in eoiuMiuatiou lor the IriMe. lA*i>ld(’hiton is 

e triMe in all anal\M‘s. While Ih niRfux'dIlis is al\\a\s n‘sol\<*d a.'^ monopliN leti(*. 
IstURiiR is variahlN paraplix l<Mie or nionopliN lelie. I In* eoniMin(*d st*(|n<*nee data produce tin* most n‘solv<*d and Mest- 
snpport«*d pliNlo^euN. uln'ii'in H\nirn(X'(tllis and Isiurnr are monopliN l<‘ti(‘ sistt*r ^en(‘ra. I he>e data Mipport an origin 
lor tin* triMe in the Andes, with \i(‘ariaiil disIriMnlion ol tin* lar^eM Mesoani(*i’iean llviuviUH'dlhs. f ormal r<‘(‘ognition ol 
IsnudiR snM;!:, hJisrud and /V<'//r/o.\7eno/;/f*.N'.sv>// is <*staMIished. 


Sister to tin* r<‘st ol the j;ein*ra in 



Krv HUdds: \niar\ llidaeea<*. eladisties, nioleenlar svst(*nialies. 



\ lo;!:i*n\. 


S\slciii;ili(s ol llir firiius llvmenocdllis Salisit. 


itienocd/lis. sul)*'. Isntene (Salisit.) Uakcr «‘\ IVanh 
( \mar\lli«la( (‘ac) and ils allirs liav<- (lt‘(i<“d |»r»‘( is<- (includiiif' Leptochilon). sidtfi. Rlistoio (llorh.) 
sysD'tnalic niidcrslandiii” al holli lh«- spocilic atid 


firiioric levels (I'lorv. M<‘ei<»\\ vK Dt'lijian. 

I<>»■)). 'riu‘ j^eiirra Hvnudun'allis and Isiiudir SalisM. 


\ raiiM. and siiM^. PsidKldsIcridnirsson (NidanM*) 
IranM. Irani) (M)8()) later rednecnl tln‘se snM^enera 
to lM(‘ rank ol section uilMont explanation. Uavtaina 
(IWO) in Mi s deseri[)tion ol II, hdllanflid (= />/’/)- 
(lesliN s(‘eds ori^inall\ as- lochiton hrlidiitlid (Kavenna) (a^nmn cK IMetMou) 
signed to the ()hl World g(*nns Pmu rdtuuu L. I Me sugg<‘sled that snl)g<*in‘i*a Isiurnc (inehnling lA^jii- 

/ygomorphie-lloNN(*n*d hJisdtid was d(‘seril)ed Mn ddcliiton), hJiS(*nd, and l^siddlostrtiotdcsson should 


\\(*r(‘ eslahlished Mn SalisMin\ ( 1012 ) lor 
tropical speei(‘s w 



\ 


e iX'o- 



llerMert (IOO4), who r<‘eognized IlyiiKdidCdllis and |)roMaMI\ ln‘ all nn-ogni/anl as tln‘ gmnis Isnudir, 
Isnirtir as distiin t g(‘nera. Oak(‘r (1000) snMsunn*<l 

Isnirtir within IlymctiocdlUs Mnt retaiiu'd Ehstdid as 
distiiH-t, as did Pax (1000). While Stapf (1000) 
tn*at<*d //. (jiiitodnsis llerM. as a speei(*s oi Edittidn- 

thr Stapl. S(*aly (IOO 4 ) <'onsid<‘r<‘d tin* speei(*s to ptaianth) vaasus tin* "parn ratioid * (low(*r ol /^y/Zo- 
exhiMit snlii(‘i(*nt inorphologii al di\(*i*g<aiee to In* 

recognized as a nionoly|)ie g<‘nus. h^pfixliiton S(*alv. 

Ilutehinson (100 1. |000) retaiinal Moth Ellsi did and 


. "• 

distinct Irorn IIvnitdidi’dllis, Me<*roNN and l)<digan 
(lOOo) snggestral that EscuddsIrndnuLssdn might 
warrant recognition at tln‘ rank ol genus due to its 
extreme plnan'tie div<‘rgenee 



(hit dll. Isnudid suMg. Isnudic. and llynuddx'dllis, 
**Paneratoid Moral morphologv r<*lers to a large. 


whit(*, Iragrant. c ratcailorrn lloNN(*r N\i 



a eonspie- 


Ismidir (presumaMI\ iin hiding lA^phxInfon) as dis- nous staminal eu[) (el. Edturdtinni L.). This tvp<* ol 
tinet. \elard«* (I0 |0) estaMMsIxal th(‘ l\a*nvian m*- llow(*r* appians to Mr* ada|)led loi sphingid moth |)ol- 


mis Es(ddldst(didiU(*ssoti lor a lh\shy-s(a*(h*d speei(‘s lination (Oaurnl. 1070; (Mant. 0^0>0; Morton. I0(),S). 

M(‘ei-oNv (1000) tnait^al IA^jihxliifon as a distinct ge- 


originall\ (hxserilxal as ShdiotiK^ssdd niorissonii \ar- 
gas as well as on<‘ ikwn sp(‘ei<*s. IVauM ( 10 () 2 ) lee- 
ogni/ed all loin’ mstwhile »j;eiM*ra as suMaenera ol 


nils and recognized Uynudux'dlUs and Isnitdir (in- 

eluding Eli Sidid and Es(di(losl(dioni<L^sod) as distinct. 
Hyinenocdllis in his sviinplie lre;ilmenl: siih^i. //\- ;i In-jiltiK'iil roll<>\v<‘<l hv (M‘re;iii el al. and 


f ■ ^ I • 



s work wa.s supported in part Mn \SK (dant OKU O()2M707 to AW \1 and (OXi. 

• ISDA-AUS-SIIKS. lOnOl Old Cutler Kd.. Miami. Morida 001.70. I .S. A., and Main 


Old (intler l{oad. \Mami. f lorida I .S.\. 



Tro[)ieal ( dirden. I 100 I 


’ I iiiversitN of Klorida-IMAS. OepartiiM 

:V2U \ I. I .S. \. 


)f K 


riN iroimx* 


ortienltnn*. 1.71.7 f'ilield Mall. (diinesN ilh*. Khn ida 


' I SDA-AKS-SIIMS. |0()0l 



Cutler Ihl.. Miami. Klorida .7.71.70. I .S. A. 
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Mfcrovv and Snijman (1008). INo cladi.'^lic analvsis j^etwra of Ismein’. one species of lA>f>liul}il()it. and 

has loeuse<l exelnsivelv on testing tli«‘ vali<lit\ of the ontgron|) t^<iniianth<‘ fHTUvuitm ( Table 2. Vlee- 

this treatnient, although iit least one representative row et al.. IWO). Tor ITS and the nioi[)h<»logieal 

of each siibgenus was included in o\t‘rall molecular data matrix, we iner«‘ased our sam|»ling with an a<l- 

studies of \maryllidaeea«' (Meerow et al.. I*W0. ditional four siweies of llymcnocdllts and two ad- 


2 ()(M)a). 


Ilvmenocdllis and its allied segregate genera an 


a single W esi 


enlirrlv NtM)tr()[)i( al in distrihiition 
Alrican taxon. //. scfiegdfnhica. was troatod l)\ Soa- 

Iv (1^)54) as an early adv<*ntiv(‘ introduction o( //. Moni’llol.oiacAL DA'I A 


ditional s[M*<*ies ol Ismeuc sul)^. hturtic ( Tahle 2). 
Thi‘ aliened se(|uenee rnatri(*es art‘ a\ailal)l(‘ Irorn 
the (list author (fniaani(^^ars-f!;rin.^ov). 


cdnhded]. Ilymenordllis s<msn strict.), with .iO t.)6() Morphological and cytological charact.-r stat.- 

species, is chieflv Mesoameti.tin and » xt* nds into data w»*re deriv.Ml from th«‘following sour.cs: Traub 

the West Indies and the .southeast.'in I nite.l States. ^ 1080). S.-alv (10.''>1). T’Ioia ( I07()). \,-lar<l.- 

It is sparingly represented in northern South Amer- < |(||,(,) HaumI (1070 ). M.auow ami l).-hgan (1083); 

■ m .il/.'V \ W j 


iea. h^ptorhiton Scaly (2 spp.). Ismenc (ea. 7 sp[).). 
Kiisinut H(‘rl). (2 to 4 sp[).). and Pseu(h>ste!i(>tui\'<si)!i 

Velarde (2 sp[).) are all (‘ndeniie to the Oniral An¬ 
dean rt^f^ion ol South America. Hyrtirfiocdllis. Is- 
med(\ and h^ptixluton an* contrasted in lahle 1. 


11 yntenoi'dllis and allies have usuallv l>e<*ii allied 
with Piichdris Planch, in tin* trihe Pueliarideae 

(Hutchinson. 194 K 19.S9: Trauh, 1994: Dahl^ren 

et al.. P)}!."): Midler-Dohlies cA Miiller-l)ol)lit*>. 

19^)()). IVlt*erow (1989, 1995) ar<»;ued that the link- 

af*:e ol these »^em*ra, larji;ely through the [lereeption 
that both linea^t‘s shan*d a fl(*shv st*t‘d. was mis- 


from examination ol living mat<*rial in research eol- 
h*etions at the LISDA, Miami, I lorida: held ohser- 
\ations ol Hymetux'dUis, lsni(di(\ and !A^ptixhitoti 
sp(*eies: and examination ol h(*rl)arium material. 

mor|)holo}!;ieal matrix consists ol 12 species 
repres(‘ntin^ 4 jz;(‘n('ra and 24 characters ( rahh‘s .4. 
1 ). 


' I 



'-I ( M I* NCK I) \ I \ 



e lrn\-V {trfi\. intron and spacer re<>ion Ix*- 
IwcfMi !rn\. and trdV) matrix consisted ol () taxa and 


, , I 1 o . -.1 mil ^^99 base iiositions. 41u* nrDNA ITS s<‘(|U(*nee rna- 

eonstrued, and proposed that either sul)tril)al or ' ' 

1 I r II //•. I . 11 ! trix (ITSl. .4.8s intron. rrS2) consisted ol 12 taxa 


tribal recognition ol llyrtirrux'dllis and alli(‘s wa 


and MliIler-Doblies bp. 


p\ \ iv\rn Aci i()\. \MtaJKicArioN. \M) 
->i:<)i I'Acixc enorocoLs 


(ienomif 




was extracted Irom siiiea ^t* 

et al. 


warranted. Mill h*r-I)ol)l ies 

(199()) |)la<*<‘d them in Kuehari(h*a<* subtribe H\- 
menoeallidinae. while Meerow and Snijman (1998) 
recognized a distinct tribe, Hymt*noeallideae. I am- 
ilv-wide analvsis ol |)lastid se(|uenees (M(*erow et 

al.. 1999) and nrl)N A analyses ol tlu* monoplix let!<• dried leal tissue as described by Meerow 

Am(*riean eladt* ol the family (Me<*row (‘t al.. 2(lOOa) (2()(M)a). I'Ik* trn\-/rdV rej^ion was amplifual using 

supi)ort a distinct Hym<*noeallid(*ae as sist<‘r lo tin* 
riewK recognized tril)e (dinantheae (a st‘gregat(‘ ol 
the (orme*r Stenomesseae). but eom|)lete rt‘sohilion 
of the intratril)al relationships is not apparent in 
these lariic analyses. Both trib(*s an* subelad(‘s ol and \8I()2 (Dou/erv et al.. 1999), and the original 

a w<*ll-su[)ported. Andean, tetra[)loid elad(* ol gen- W hite et al. (1999) internal |)rimers rrS2 and 4 to 



e 


primers ol laberlet et al. (1991) as deserilx'd 


* ri- 


b\ \le(‘row et al. (1999). .Amplilieatioii of tin 
bosomal l)N A ITS I/5.8S/ITS2 region was aeeom- 


i.>Nlied u>ing Hanking primers (18S, 2()S) A8I01 



e i*a. 


im| 


lif\ the spaetas along with the interv(*ning 5.8S 

In this |)a|)er, vvt* [)n*sent phylogem‘tie analyses se(|uenee. as d(‘serib<‘d by M<*<*row et al. (20()0a). 

uiek 


using ^ 



M m A. * 

of mor[)liological an<l molecular data Tor the Iribc Xmplilied ptoducl> w<tc purdied 
HvmenocalIidea<‘. and seek to clanlv ibe relalioti- ((^fiageii. \alencia. (.alilornia) columns, following 


shi, )s within the tribe. 


M \ rian \Ls \np MKi tioDs 


S A MPLINC 


mami(aetur(‘i*'s protocols. All polymerase chain re¬ 
ar t i oils (IM 4a ) wt*n‘ pr*rlorm<*d on an A HI 9709 (Ap¬ 
plied HiosNstems. f oster City, (4dilornia). 

C\eh* s<Miu(‘neing reactions wt*re ptM*lorm(*d di- 

reetlv on purih(*d P(4{ products on lh<‘ ABl 9799, 

using standard did<‘oxy cycle protocols lorse<|uene- 
iim with dve truTninators on either an ABl 4/7 or 

r> 


St*(|uenees for the plastid /r//I.-f r<‘gion were 
n(*wlv obtaiiH*d lor //. curhdridiJoluK whieh, along 
with //. /u///b//V/. was used cis an exemplar taxon of ABl 419 automal(‘d se(|U(*neer (according to the 
Hynietux'dllis ( labh* 2). BreviousK cited se(|m*nee.s manulaetiin*!’s [irotoeols: A|)|)lied Biosyslems. f os- 
wen* us/*d lor onr* s[)e(*i(*s each ol tlx* thn*/* sub- lt*r (aty. (.ahlornia). 
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Tiihh* (lliarartrrs and rharaclcr stairs usrd in thr rladistir atiaivsrs ol Uvniriiorallid<‘ar hasted on inorpholof^v. 


(]harart<M* 


Slat(‘s and <‘oding 


1. Klongair psrndoslrin 

2 . Klovvrr nninl)rr 
KlowiTS srssilr/|)rdirt‘llal« 

d. Klowrr liahil 

5. Tnl)r It'nglh 
(). Tnhr hahit 
7. INnianlli morpliolo^y 
H. INnianlli svinrnrtrv 
*). I* lowrr color 


10. 



Kra^ranr<‘ 


. Starninal ru|) sha|M‘ 
12 . .^latninal ( np striping 


l.d. Tree lilainrnl 
I t. K vrr IdainrnI 

15. l*oll«‘n ^rain si/r 
l(). I’olirn ^rain 

I 7. Kxirn* niirninm 

10 . ()vnl<*s per lornlt 


10 . Seed per lo<*nlr 
20 . Ohvlonadan on Irsla 
2 I. .'^*‘(‘(1 coal 

22. StM*d shape 

25. Most (‘ointnon diploid rlirornosoitH* nnnd)rr 


absent (0); present (I) 

2-10 (0); solitarN (1): >10 (2) 

sessile (0); p<*dieellale (1) 

en‘et (0): dt*elinale/horizontal (I); pendent (2) 

shorttM* than tt‘pals (0); longtn* than or e(|nal to tepals (I) 

straight (0); enrvtMl (I) 

paneralioid (0); (nntudlorin-tnbniar (I); ± Innrjellorni (2) 

aetinoinorphi<* (0); zvgoinorphie (1) 

whilt* (0); vellow (I); grt*en (2) 

present (0); absent (1) 

rotale or liinnellorin (0): evlindrieal (1) 

|)res(‘nt (0); abstnit (I) 

inenrved (0); siraight (I); deelitiate (2) 

longer than enp (0); short»M tlian enp (I) 

very large (0): large (1): nuMliinn (2) 

aurienlate (0); not (I) 

coarse (0); medinin (I) 

>20 (0); U)-20 (I); 2-10 (2): 2-1 (5) 
nninerous (0): 2-5 (1); I (2) 
l)r(‘sent (0): abserit (I) 
not fleshy (0); lh*sliv (1) 

• 9 

flat, wiriged (0); globose (I) 

k)(0): 54(1): 10, 40(2) 


SKOl KINCK ALICNMKN rs 


Hoth 


se(|in‘n(‘(‘ 


niatric(\s vv(M'e readily alig^iied 
inamially ii.sing lla* program St‘(|ueii(lu*r 


(MetMovv et al.. 1090. 200()a), llii.s gimits re.solves 
as most (*los(dv ndaled to the Hyrnenoeallideae. 
niianthe and lA^ptochiton (the latter piitativelv llie 
h*asl dtM*i\ ed gemis in the Hyrnenoeallideae: see 


(a)d<*s, Ine., A»m Arbor, Michigan) as few ga|)s discussion Ixdow) share two four-base s(‘(jiienc(* el- 

needed to he inserted. <‘ments in th(‘ /r/vL-K region (I)p525—528, 82I-4i24) 

that are absent from the rr\st of the IiMinmocalli- 
deae. Phylogenetic analyses were run using PAUP* 
P(trni<inth(* (tribe (llinatitheatd was used as out- vtMsion 4.0b8 beda (Swollord, 1008). An exlianstivt* 

group lor all analyses. In larger st‘(|inMic(‘ analys(*s s(‘arch of all [)ossible tree topologies was conducted 


CI.ADISfIC AN Al.y SKS 


lable 4. (diameter slat<* matrix lor eladistie analysis ol 25 nior|ihologi(‘al eharaelers in llvrnencM allideae. Poly¬ 
morphisms: = (OJ): * ^ (0,1,2). 


r 


axon 


Matri 


i\ 


(diaraeter 

Hyni(*H(H'(tllis (H'utijolin 
H) nirn(naIIis ruchuridij<tlid 
Hyturtidi'dllis ^IdiK'it 
Hvrnr flora 11 is lalijolia 
Hynirnorallis tuhijlora 
Isnirar amarudrs 
Isnirnr liau krsii 
Isftirnr lotigiprtala 
Isnirnr fiarrissillora 
Ixnu'tu' varffiisH 
h’plocfultiii (/iiiltifiisis 
Pdtiiinnlln’ iMTiivKinii 


1 2 

12345678901234567890123 

00001000000110000221112 
0*001000000130000221112 
0*001000000130000221112 
0 * 001000000130000221112 
0*001000000130000221112 
10111+00100001000321110 
10111 + 00000001000321110 
1011002101 112021 1 321 1 10 
1 01 11 + 00000001000321 110 
10120110211110211321110 
01001100+00001000110111 
10111000000001110000000 
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lnr/r//L-K Kor TFS. the morpliologieal. and all coni- tochiton is sister to both flymerux'dlhs and Isiucfir 

hined analvsi^s, liraneh and hound searches vvert‘ in one tr(*e (Kif!;. 1 A). Tin* 6 apomorphies al the 

condiu ted. Su[)[)ort for int(M*nal nod<\s o( the tre(\s ancestral node are an incn^asc^ in [lolhai ^rain siz<‘, 

was det<M’niin(‘d with 5000 replicates of branch and auriculate [lollen fi;rains. reduction in ovule number 

bound bootslrap|)in^ (fVIsiaistein, 1005) and bv from mor<" than 20 to 10 to 20: reduction in nurnlxa* 

calculation ol Hremer (1080) decav indic(‘s (1)1) us- of seeds pc^r locule: and eNolulion of }i;lobos(‘. flesh\ 

dVeeKol (SortMison, 1000). A seeds. Apomor[)hies for//>7nc/mro///.s' (I i^. I A) are 


in^ the proj^ram 


the abs(aic(‘ of an fdon^al(‘ [is^nidoslian. pn‘domi- 

- 10. lO 


brancli and bound search was irnphanmiled lor 

(*ach constraint statement postulated bv Tret^Kot. \ nantly s<*ssile and erect flowers, and 2// 
bootstrap value of 50—was consider(‘d weak. chromosomes. Other than Hymrruxdllis. tin* onl\ 

clade with stronjz; bootstrap support is the sist(*r re¬ 
lationship of hmetir subj^. FJisetui and subf!;(Mnis 


()5—749f moderate, and 75 


100 % strong sup|)ort. 


Oombininfj; indep(Mident character matric(*s. 


wlu‘ther both moh^cular or molecular and morpho- Fseudostrnortirsson (100%. 1)1 


0 ). based on 


4 


lofiic a I . \7‘rv often inco^ases the resolution of tin 


apomorphi(\s: [lerij^one tnb(‘ len}z;th n‘duclion. non- 


inji^roui) and llu^ bootstra|) sup})ort ol th(‘ internal pancratioid floral mor|)hol (. 


OSS ( 


>1 floral 


*a- 


nodes ol the phvlo^(*rH‘tic trees (Olmstead vA 

SwiHM'e, 1001; (diase (‘I al.. 1005; \uka\\a et al.. 


j^rance. cvlindri(*al slaminal cu|), and smaller non- 
auriculate [lollen f!;rains w ith h *ss coarse (‘\iiH‘ 


|00(); Kudall al.. 1000; Soltis et al.. 1000; Vlee- retic ulum. If all ol th(‘ characl<‘i‘> an* ordered as 


row (*t al.. 1000). \oru‘thel(\ss. there is c<mtro\ers\ 
about wh(‘lh(*r different data sets should be ana- w ilh Cl 


Irnwersibh*. a single* tr(*e is found ol len^i; 



1 <» 
I (> 


0.67 and HI 


0.00 (f i^. I 0). riicM'e is 


K/cmI se[)ar*alelv or t(»^(*ther (l)e Oucdro/ et al.. moderate bootstrap su[)porl lor a monophylcMic* Is- 

1005; HiU‘lsenlM‘ck c‘t al.. 1006). (^on^riUMice of the* tuetie ((>5%; 1)1 = 2; a[)omorphic*s: elongate* pseii- 

independ(*nt matrices has <i:<‘!un'allv b(*(‘n (hanon- dosteni. pcMliccdlatc* and d<‘clinal(‘/hoi'izonlal Ihns- 

slraled Ixdon* lhe\ are combined, but it has also ers. and 2-^1 ovuh's p(‘r locuh*). Then* is W(‘ak 

bc'cm art!;u(‘d that in(*on<!;ru<mc(‘should not be* a pn*- sup[)orl lor the* sistm* relationship of HynivtKuiiUis 

d(‘termined factor against doing so (l)ubuisson (‘t and Istiinie (56%. 1)1 = I; a|)omorphie>: reduction 

al.. 1000); Sc*(‘lanan et al.. 1007). Mivamoto and in o\uh* and set*d numb(*r, respeclix(*l\: and the 


f ilch (lO^).’S) argued that data sets should alwaxs loss of phylornelan from the tesla), h^/ffochiton i> 
b(* analvzed indi‘pen<h*nllv, as und(*rl\ing assump- modeiat(‘ly sup|)ort(*d as sisl(*r to both (6.^%. 1)1 = 

I; a|)omorphi(*s: redueliori in ov uh* and s<*c*d num- 
bt*r and the exolulion ol a lh*shy s(*ed). Isiuetir subg. 
Isnirnr has a 01% bootstrap and 




/ 


S7//C//C 


lions, constraints, or weighting strategies xviii vaix 
from data s<*l to data sc‘l. Kluge (1000) and Nixon 
and Carfienler (1006) argiH‘d that simullaneou> 
analxsis of multi|)le data s(‘ls belter maximizes par- subg. FJisrtm (/. longiix^tdht) and subg(‘nus Fstxi- 

sirnonv and allows secondary signals to a|)pc*ar from doslenonK^sson (/. /v/r^^a.s7/) are again sisU‘r groups 

th<‘ combim*d data. Hull c‘t al. (100.5). Hodrigo <*1 xxilh 100% bootstrap and a 1)1 = 0. \ monophylelic 

al. (100.5). and De Queiroz (100.5) adxocal(*d com- IIvnienixcdlis n*ceix<*s 07% bootstrap >upport xx 

billing data onlv afl(*r a statistical l<*sl ol congru- a 1)1 = 1. Uynunuxidhs httijolia, IL ^l(nn'(i, and 

(‘iicc*. what 1 lucls(*nb(*ck (*t al. (1006) call<‘d **con- II. eucharidijolin form a rnonophxletic group wl 




( 



ional combination. ' Hefore combining the data bootstrap sufiport ol 60 and 1)1 


I. 


r ■ ^ I • 



s Sana* tr(‘< 


s(*ts. xve performed a partition homoge*neily lc‘sl 


topology (f ig. I H) is K) st<*ps long xxith (5 


O.JIO 


(f arris (*t al.. 1004. 0)0.5) on the xariouslv corn- and HI = 0.00 if a branch and bound s<‘ai*ch is run 

with the topologx as a constraint xvith all charactci.s 


bin(*d nialric(‘s. using a branch and bound s(*ar*(*h. 


Hksi t;t> 


urior’deicd. 


MoutMtot.ocnc \l. M \ t IU\ 


ft.xstii) trn\.-v SKoi t:\(:i:s 


With all characters unor*der*(*d, two most parsi- Using/n/l-f st‘(|ucnces. xvliich pi*ox ide i [laisi- 

rnonious trees (f ig. l A, ora* shown) xv(‘r*(‘ found o( mony-inloiinatixc* baM* sobstitution.s. thic-c* (*(|uallx 


h*nirth 


.5i. consistencx index (Cl) 


0 .06. and 


|•et(*rllion irah*x (HI) = O.fJO. Sixteen of tia* 25 char- 


most parsimonious tr'ees are 



of h*irgth 


<>‘> 


Cl 


0 .0^). and HI = 0.00 (f iji. 2. one ti’<*(* shoxxri). 



act(‘r*s ust‘d x\ci'(‘ parsiriionx inforrnatix<*. In both AM three lr*(*(*s i'(*solx(* a monophyh^tic Isiiieiu* xx i 

= 01% bootstrap su|)|)or*t (1)1 = 2), and !A^ptixhiton 



tr<‘es. Ilyiiuduxiillis is rnoriophyh'tic (bootstrap = 

()0%. Dl = I ). xvhile Isrurnr is para|)hyh*tic. Isturt}^ as sist(‘r to the r>*sl of the tribe but without 

lonf:iprl(d(i (subg. Flisend) and /. rdr^dsii (subg. \ riiorio|)hxh*lic Hynianx'dllis is r7‘Solx<*d as sister 

Fsriidoslrndfdrssof}) arc* sistc'is in both tr<‘t‘s. h^p- to Istueur in one tr*t‘t‘ (fig. 2). but Hynirtux' dll Is aia I 
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Ismene narcissiflora 


Ismene Ion gipetal a 


Ismene vargasii 


Hymenocallis eacharidifolia 


Hymenocallis latifolia 


Leptochiton quitoensis 


Pam Ian the peru vian a 


I i^iire 2. OiM* ()l llu* lhivt‘ most 
lor lh(‘ lIviiKMiocallidt^ar. \uml)rrs 
conla^os. IoIIoutmI I)\ dccax iiidicrs 
all ihrt^e 


|)arsimonioii> ln‘r> IouimI I>\ (•ladi>h(* analysis ol plastid lrn\-\' l)\ \ .'^o(|u<*M(*t‘s 
ahovr l)rari( li(“s ai<‘ liraiicli It'ii^llis: nnmliors holovv hranchrs are hoolslraf) pcr- 
(ilalic). I li<‘ largo ai'rou indicah's a nodo that collapsf's in tlio strict consensus of 



hnicne forrti a ( lade in all thnM‘ {1\W( hootstraf). 

= I ). Isntrfir suhg. Ismene (/. mireissiflord) and Hli- 
sena (/. langipetnld) are resolved as sisl(‘r groups 
in all ihrtM' lre(‘s with a l)oolslra[) of 7()9f (Dl = 


coMtnMa) //7/I -I \M) ns si-oi kncks 



1 IS Si;(,)l lACKS 

rrS provides 50 |)arsiinonv-infornialive charac¬ 
ters, and 0 trees ol length = 209. (il = 0. *5. and 
RI = 0.77 vver<‘ found (Kig. 5). In all of iIm‘ trees. 

lA^ptoehiton is resolved as sister to both llvmeno- 
cdllis and Ismene (Fig. 5A), hut without significant 
snp[)ort. Ilvmefux'dllis is inonophv h*lic (bootstrap = 
979f. 1)1 = 5). hot Isnnme is nionophvdetic in only 

2 of the 9 tre(\s (Fig. 5B. one shown). llovvev(‘r. 
Ismene snhg. Ismene (/. dnuincdes, I. hdirkesii. /. 


Th(‘ V valiM* from lln^ [lartilion honiog<Mieity t(\st 
” 0.9.5. indicating that th(‘ /r//L-F and ITS st^- 
<|ii(‘nc<‘ inalrices w(‘re highly congruent. Six most 
parsimonious trees were found of length = 292. iA 

0.92. and l\l = 0.77 (Fig. 4). In all trees. //>- 

nnnuH'dUis and Ismene an* monophyletic sister gen- 
(‘la with l)ootstra|) support of 949?^ and a 1)1 = 5. 
h^pfdcliihm is sistr*r to both, but without significant 
support. lh»otstra|) support for a mono[)hvletic lly- 


menocdlhs is 9R9f (DI 


5). but only (1)1 


I) lor a mono[)hv letic Ismene. Fhe only other int(*r- 
nal resolution within Ismene that receives bootstrap 
sup[)ort is a sister relationship betvve(*n /. nareis- 

nareissiflord) is mono|)hvletic with w(*ak bootstrap siflora and /. hnwkesu (l)oth within subg. Ismene) at 

su|)[)ort (599f) and DI = 1 (4 ig. 50). 


HK/r with Dl 


2 . 
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fsmene narcissiflora PERU 

Ismene hawkesii peru 

Ismene amancaes peru 

Ismene longipetala Ecuador, peru 

Ismene vargasii peru 

Hymenocallis latifolia Florida, upper Antilles 

Hymenocallis acutifolia Mexico 

Hymenocallis tubiflora northern south America 
Hymenocallis glauca MEXICO 

Hymenocallis eucharidifolia Mexico 

LeptOChitOn quitoensiS sw Ecuador nw PERU 

Pamianthe peruviana bolma, peru 


I i^un‘ 1. ()iH‘ ()l six most parsimonious Irrrs louiid l)\ 



I rS so(jiiofKM's. Numl)(*rs al)ovr l)ranch(*s aro hraficli lon;j: 
lowed l)\ <l(‘ea\ indices (italic), d lie lar^ei* ailow indicate,^ a 


eladi>lie anal\>is ol eomhin(*d 
Miimheis helovN Inaiadies art‘ 
node that eollap‘^(‘s in the siriel 


)lasl id frti I .-h and nr |)\A 
bootstrap percentages lol- 
e(nisensns ol all six tree>. 


COMUIM:!) SKOt KNCK \M) 
MOHIMIOLOCIC \L M \ I KICKS 


I ln‘ P \alut‘ (d tin* pailitioii liorno^fandlN t(‘st \\a.^ 

().()(MKi, ifidicaliiii!: si^nilicanl iiuormruniee be- 


letie. lioetslrap supporl lor the inoiiopliN l\ el Isidchc 
subjj;. Istucnr rises lo HI9r (1)1 = 2). but Isnicnc 

I\lisrn<i (/. longipetala) and l^seu<lost(*notnes- 
son (/. rarp^asii) at e sister j^roups (beelsirap — t 



1)1 


I) weakb su|)porled (bootstrap 





I ) a> >ister to llvnienocallis. h^ptochiton is a}i:aiii 


t\vet*M tile rnorpli()loj:;ieal and l)\ \ se(pit*ne(‘ data 

malricr.s. Much of iIk- a|)|)arciil incongruence can |(. lli(-incinl.cr.s <4 I lymcnocallidcac l>nl 

lie attributed to the weak resolution o( the niorpho- 

logiealK based topoloj!;ies. and ue lelt that it would 



wnnout sn|)port. 11 tna^s oiu' st(‘|) longin' were also 
relaimal in tln‘ search, in addition to the sin^h 


s 



bt‘ informative' to eombine' the two matriee's in shortexsl \veo (Ki^. 5A), a sinji;h\ fully re'solve'd tree 

ol hMi;:;lh = ( d = 0.^)0. and Kl = (). i e was 

lonnd (Kifj;. 5li). In thi.'^ tret' (I i^. oH). both Hvnien- 

oeallis and Ismene are monoph\h‘lie sister genera. 


a single' analysis. Ol the' ISfilS eharaete'is inelndeMl. 
76 w<*rt* [larsimoin inlorniative*. A sin<i;le tree* was 
femnd of length = 332, Cl = 0.92. and Kl = 0.79 


(Fi^. 3A). //v///ev/e>e7////.s' is monophvletie* with 100% as an* ls!}}ene std)^. Ehsena and Eseudoshniofnes- 
beiotstrap support (Dl = 8). but Ismene is paraphv- son. 
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Disci ssion 


Ifotli nlaslid (Meerow »“t al.. I900) and ITS (Mee- 


lln‘ Moii-desliv seeded .Andean endemic (dinan- 

m 

lh(‘ae. Il(>\vev<‘i., it is the Is/iK’fir that r(‘lle(*ls 

e |)at[<*rns ol lloral riioipliolo^ieal (li\(M’sil\ that 



low et ah. 2(HM)a) st*(|U(MUt‘s .stioMgl\ .siippoit the occur iii the haiste[)hM*at*. (Jinaiitlu^at^, and Steiio- 
position o( tlu‘ Irihe Ilynienoec dlidc *a<* as a inono- 


niesseae" (sensu MtMa'ow et ah. 200()a). Istuctir sudj^;. 



|)hvletie ^rouj) within tlie Andean tetraploid elade Isniriie retains the ph^sioinorphie paneratioid (loral 

inorpholof»;v o( !A^ptorhiton. Pamuitithe. and Uynuni- 


of th(‘ (Midernie American Amarvllidaeea<‘ that is 
sister to the mwvlv n‘eo<»;niz(‘d trihe (dinantheae 
Meerow (!Vl(‘erow et ah, 2()()()a). I lie seeds ol tla^ 
(dinantheae are unilorrnlv drv. flat, win^iMl. and 
with phvtomelanons t(\stas. Thme ar<‘ links between 

and Piunuitithe that StapI implicitly 
r(M*o‘j;niz(Ml. most notably the ph*siomor|)hie pn*s- 


(xdllis. whih‘ the smaller Isrnene siib;^. Elisctui and 
snb^. I^s(*u(l()steti()iu(*ss()i\ ('\|)r<‘ss (loial noxcdln^s. 





Isnirnr subj^. Psrudosfrnortiesson. occurring at int* 
ifz;liest ehwations ol any nuanber ol th(‘ trilx*. mi^ 
b(‘ till' Youngest ehanent ol th(‘ polymoi*|)hie Isturjir. 
since tin* And<‘s likedv did not extend above |0()() 


awarej. I>nl also the mnnerous ovnles ol Inis <iemis 


enee of |»li\loimdan in llie testa h-jUnchiltm'^ m elevation before the Pliocene (lO MN 111’; \an der 
seed |of wliieli Meerow vK Dehgan (I98.A) uere nn- Haunnen. 1971. 1979). Analofious patterns of lloral 

diversitv are lonnd throu}i;hont the tetraploid /\n- 
(ph‘siomoi*phie as well). In th(‘ IIS |)h\lo^en\ pre- (|(‘an eladt‘ ol the Anuaiean Amarv 

staitial by Meerow et al. (2()()()a), support loi’ Pa- (diiumthi'ae, th<‘ low- to rnid-ehwalion ^(*nera P<i- 

niKinlhr and Piinnuotip^did \elarde ha\<‘ panera¬ 
tioid lloral niorpholoji;v, vvhih* tin* mostly hi}i;h-(‘h‘- 



ae<‘ae. 



luidnlhe as sist<*r to tlu ‘ rest ol (dinantlieae (\>. a 
sister ^rou[) relationship to llymenocc 



eae or an 


innvsolved position) was eonsiderahh weaker when nation CliiKinlhiis ll<Mh. has eolorfni. pntati\el\ 

oiTiitho|)hilous llowms. In th<* rnoii* distantiv related 


th(‘ alif»:n<Ml matrix was not suecessivelv wid^hted. 



This is not surprising <!;iven that hotli -rtmera oeeup\ |„.|i,,|aiedeahMl St(‘nomes.seae. Eucharis has 

a hasal pin lofieiH’tie position in tlwir respeeti\e paneratioid llower; l^htgiolirion resemhies a mini- 

elad(‘s luM'ein. 




dillieidtv of rtdvin^ on morphological ehar- 
aeters alone to f!;(‘nerat<* |)hylot*;<*nies in Amaiylli- 
daeea(‘ has been diseiissiMl (Mt^erow. IW.t: Meta'ow 


‘ Isrnrnr subfi;. Elisenn: and Slaionicsson and 
I nroUtKi (‘xhibit eolorinb pntatividv ornitho|)hilous 
llowms. Kinally. in the Kiist(‘[)hit‘a<‘. which is sist<M‘ 
to r(‘st ol the Andean ehule (M eiM’ow ah. 2(M)()a). 


(‘t ah, 20001)). ^iven a \u^h d(*gnM* ol homo|)la.s\ 



(‘ 



ranjzit' ol variation is (widiait in a sinj!;h 


f<»r many mor|*holojiieal eharaeters in tin- lamil\. urmis. Ilieronyinielld Pax (linn/iker. |9()9). 


f ■ ^ 





reemT*(‘nl patt(‘rn su^^t^sts a seimario ol ra|)id mo- 
(‘vohition (sensu Stebbins, I0J51) within this 


sale 


Our anaivsis (Ki^. I) ^<ai(M*at(‘s tretxs with ndativelv 
hi<!:h (d and HI. but |)iirsimonv is still not abh* to 
rt*solv(‘ htuxtie nor consistently |)laei‘ h^pidrliitoti m monophv letie. t(‘traploid ^roup (MetMow. I0M7). 

th(‘ basal position within th<‘ tribe with unord(M(‘d Th<‘ relatividv low numlxM' ol phv lo^<‘netieallv in- 


morpholo^ieal eharaet<*rs alone, in contrail to m*- romuitive bast' .substitutions in our se(|m*nee anal- 

‘‘ vs(‘s ol noii-eodIn<i; regions ( 7 lor lni\-V: AO lor I TS) 



(|U<‘ne(' data (Fi^s. 2—4). which also provide (in 

combined lrn\-l and ITS matrix), ovt'r thn*(‘ tiiiu's supports a hvpotlu'sis of a n'lativt'lv n'ct'iit radia- 

11viiK'iiocalIid('a<* tied to tiu' ris(‘ ol 


• cliar- 


the numlx'i* ol phylo^t'iH'tically inlormativ< 
aettu's of morphology alone. I h<‘ combin(‘d pla^lid 
and nu(*h‘ar se(|uence matrix |)roduc(‘s tin* most I 
Iv resoivt'd shortt'st tnx's. To **lorc<'" this lopt )lo^v 



tion w itlim lilt' 




i‘ \iid(‘.s. Thi.s st'cm.s most si<]:;nilicant rt'lativt' It) 



/ 


sfiKwnr 


()Ci 




t‘ mosi pol\mt)rphic ol tht^ threi* hymtMi- 
<:;t‘nt‘ra. and the t)nlv t)iu‘ lhat has adaptt'd 


upon any of tht* other conllictin<!; data matrict's rt‘- ic hiuh t icvatioii. 


(|uirt‘s 


eitht 


ll\ lucniH'dllis is most spt‘cit)se in Mexico (Hauml. 

IO 7 O). with a sccondarv art'a ol divtasitv in the 
^ • • 

soul ln‘: isit'rn I nitt'd Slates (Smith tK I'lory. 1000. 
Wilt'll bit)gt^o}i:ra|)hic inlormation is optimizt'tl 2001: Smith <‘1 ah. 2001). ()nlv thrt't' dt'seribt'd 

upon the combint'd plastid and iirDNA trt't* (I i^. spccit's have bt't'ii rt'ptirtetl Irtini South Amt'rica: 


'r ordt'i’inj!; characters or acct‘|)tin^ lon- 
j^tM trt'cs (albeit only out* st<*p lonji^t'i* in the ct)m- 
bint'd s('(|ut‘nct* and mor|)lit)lo^ical analysis). 



e 


4). tht' gent' phvlogenv supports an origin lor 
tribt' in tht' ct'iitral Andes, iiiarguably a locus ol 



c hroat 



anti coaslallv distributt'd //. Iiltordlis. 

m 

II. pnldlis. and II. luhijlont. Flit* genus dot's not 


divt'isilv lor tht' .Xndt'an tt'traploid cladt' ol tht* occur at all in the Vntit's. and 11. Idhijlord is tht 


AniarvlIidact'at' (Meerow et al., 2000a). with a vi- onlv spt'cit's ol tht* llirt't* that is rt'strictt'd to north- 

carianct* t'v t'iit that gavt* rist* to the largt'lv \orth t'lii South Amt*rica (inclutling IVinidatl-lobago). 

Amt'i ican ll\nudioc'dllis. Ij^phx'lutdfL with I()to20 Tht* known distribution ol tht* I Iv mt'iiocallidt'ae 

t)v ult's pt*r Iticult* and a phv tonielanous tt'sta. t)c- suggt'sts two possiblt* hv potht'st's, t'itht'r a long-dis- 

tribt* with links to tanct* dispersal t'vt'iit Iroiii the Antlean ct'iitt'i* ol 


cupit's a rt'lict position m tin* 
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origin, or oxtiiirlioii of iiitorvonitig populations of a 
imtUy-HvinriiiX'dllis ancosliU’. I’lu' (lesliv st'od of fly- 

I • • 

nictUH' (ill is is iii<> I argrsi ol all tli(‘ riultMiiic Arner- 

i(‘aii Amarvllidacrar, rxhihils no donnancv, and 

• • 

^onninat(‘s vvidiin .‘i—I* wta^ks a(U‘r r<d(‘aso, wholluM* 
or nol in siihsirair (\X hiltda^ad cK HrovviK I^MO; 
prrs. ol)s.). I Ih‘ ndali\<dy heavy st^ed d(u\s nol irn- 
medialely s(‘ein anaaKihh* to long-dislanee dis|KM*s- 


in P. J. Kudall, \\ J. Crihh, I). K (aill(*r (7 

J. Iiuin|)hrie,s ((‘dilors), MonoeolyltHlons: Svsieiiialics 
and Kvniulinn, \ol. 2. Hoval Bnlanic (hardens, Kew. 
Dahl-irn. |{. M. T., II. 1'. CliKord cK W K Veo. IWS. The 

Karnili(‘s ol tin* Monoeolvledons. Sprin^er-\«*rlag, Uer- 
lin. 

I)e (^)u(‘iro/. \. Kor eonstaisus (someliines). Svst. 

Biol. d 2 : :U)ft-:i72. 

-, M. J. Donogluie J. Kirn. Separah* \<‘i’sus 


ah ainl n<r dispersal ageni ollua* than walta* has (‘vtai 


heen snggesItMl lor the genus. Thus anetxslral (‘\- 
linelion is a more eonvim ing hypolinxsis, hut with¬ 
out a Ixdter undtMstanding of the historical hiog(‘- 
ography ol Hymctun'dllis ami a W(dl-resolved 
|>hylog<my ol the g<‘nus a likely e\|)lanation lor its 
distrihution (*annot h<‘ dtdermined. 

In summary, eomhiiuMl /r//L-K and I TS stMjiiene- 
«*s su|)port tin* Mtaaow and Snijrnan tr<‘at- 

menl ol I lvmeno(‘allidea<* with tlnt^e g;(‘nera: //> - 
iiKdUH'dllis, lsn\(*iu\ arrd lA*ptd('hiton. h^plochiton is 
sister to the IlymcniH'dllisIIsniidu* ela(h‘ and retains 
two plosioinorpliic cliarach-rs of llu* Aiuloan l«‘lra- 
ploid clad*': !(> to 20 ovuh‘s pm* loeuh‘ and a |>hy- 
tornelanous se<‘d coat. The emitral Aruhum (*nde- 
mism ol Isnudir and Irptin'liitoii and tin* ah.seiua^ ol 
HytiKdHH'dUis li*om this region lurtIuM* sugge'st a vi- 


eornhiruMl analysis ol phylogenetic evidence. Anrr. Kev. 

hcol. Sysl. 2(): f)57— 

Douzer*), J. P.. \. M. PridgetHi. P. Kor'<‘s. II. Knrv.weil. P 
Linder iK' M. W. Lliasi^. Moh‘cul ar phyhrgenelics 

ol l)is(‘ae (()rchidac<‘ae)- A contrihuliori h'orn nuclear 
rihosornal TTS s(‘(|U(*rrc(‘s. Anna*. J. Pol. B(): 887-}^^^^). 
Duhuisson. J. V, 8. Ilehanl-Mauri J. (Saltier*. P>^)8. 
Moh‘cules and rnor|)hologv: (lonllicis and corrgrutaKM* 

within lh<‘ harr genus Irirhonninrs (I lyrntaiofthvllaceard 
Moh‘c. PhylogtauM. Kvol. *): 89(1—,'^>7. 

Kuris, J. S., \. (i. Kluge X (!. Bull. Testing sig- 

rrilicanc(‘ ol incongruenct*. Lladislics 10: 815—819. 
-, M. Kallersjo, A. (7 Kluge (i. Bull. P>^>;5. (lon- 


slr’ucling a signilicance lesi lor incotigrucrrct*. !svsl. Biol. 

H: 570—.572. 

I*cls<aislcin, J. 19(8.5. (ionruharcc limits on ph\logtaiics: 
An appr*oach using lire hoolslrap. Kvolulion .89: 78.8— 

791. 

Id(u*\, \\. .S. |9((). Distrihution, clirornosome mtmlxa* and 
ty|)es ol various s[)<‘ci(‘s ol llv/nr/KK'dIlis. Th<‘ Nuchais 

19: 201-227. 


earianet' ev(ait at .sonu‘ point suhse(|uent to th<* or- Der*taiu, B. L.. \. W. Metaow vK L. Brako. I99.L \(‘\\ 

i.ri.. .a* iL . i..:i ii : ii • • . r i- (.omhinalions in Hinnenstninn lsnictn\ and Ijnihxliildfi 

igin ot the trilH‘. It is thus appi*opriate to lormaliz<‘ , . . . 

( \rnar\ 11 idacea(‘) lor the Mora ol Peru, \o\on .L 28— 


th(‘ rtaognition ol the two mwv suhg<Mi(a*ie eornhi- 


nations within /.svueue. 


Isiiieiir snhg. F'Hseiia (llerhert) Mraa'ow, (airnh. 
no\. Rasiorurn: Ehscud llerh., Amai*\llida- 


(*ea«\ 7.5, 201. 18.87. 





> 1 .'. 


IstuetK* rin^(*ds 


(Kuiz iK' Pav.) (ha'raui iV M«aa*ow, INOvon .8: 2^). 

I9<)8. 

IsiiiriH^ snhg. I’seiHlostiMioiiiessiiii (Vtdar*(h') 
M(‘erow, < ornh no\. has ion vm: PseudostidU)- 

itK’sson Wlardc. Ihn. (liciic. (Lima) 51: 17—51. 


I‘>10. I'VLK: Ism, 'll," rarf'tisii (V»*lardr) (a'n'au 


M«‘ <‘row, in L. Brako J. /aiueehi. Monogi. 
Svst. Bot. Missouri Bot. (iai'd. 1.5: 12.5.8. 199.8. 
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